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Abstract 

Background: Limitations in physical activity are considered as a key problem in patients 
with multiple sclerosis (PwMS). Contemporary methods to assess the level of physical 
activity in PwMS are regular clinical observation. However, these methods either rely on 
high recall and accurate reporting from the patients (e.g. self-report questionnaires), or 
they are conducted during a particular clinical assessment with predefined activities. 
Therefore, the main aim of this pilot study was to develop an objective method to 
gather information about the real type and intensity of daily activities performed by 
PwMS in every-day living situations using an accelerometer. Furthermore, the 
accelerometer-derived measures are investigated regarding their potential for 
discriminating between different MS groups. 

Methods: Eleven PwMS that were able to walk independently (EDSS < 5) were divided 
into two groups: mild disability (EDSS 1-2.5; n = 6) and moderate disability (EDSS 3 -5; 
n = 5). Participants made use of an activity monitor device attached to their waist 
during their normal daily activities over 4 measurements. Activity parameters were 
assessed and compared for the time of each participant's first measurement and 
follow-up measurement. Furthermore, differences between both subgroups, and the 
correlation of activity parameters with the clinical neurological variable (EDSS) were 
investigated. 

Results: Participants showed significant decline in step count (p = 0.008), maximum 
walking speed (p = 0.02) and physical activity intensity (p = 0.03) throughout the study 
period. Compared to the mild subgroup, moderate affected participant accumulated 
less number of steps (G1: 9214.33 ± 2439.1 1, G2: 5018.13 ± 2416.96; p < 0.005) and were 
slower (G1 : 1 .48 ± 0.1 9, G2: 1 .1 2 ± 0.44; p = 0.03). Additionally, the EDSS correlated 
negatively with mean walking speed (r = - 0.71, p = 0.01) and steps count (r = - 0.54, 
p = 0.08). 

Conclusions: In this study, we used a portable activity monitoring sensor to gather 
information about everyday physical activity in PwMS at home. We showed that 
objective measurements using simple 3D accelerometers can track daily physical 
activity fluctuation. Furthermore, they track disability changes better than clinical 
measures. Thus, they can help to develop activity based treatments for PwMS. 

Keywords: Daily physical activity, Home-Based activity monitoring, Physical activity 
fluctuation, 3D acceleration sensor, Physical activity level, Gait speed, Step count, 
Expanded disability status scale (EDSS), Multiple sclerosis 
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Background 

Multiple sclerosis (MS) is an autoimmune disease of the central nervous system in 
which patients often exhibit decreasing physical activity and reduced independence [1]. 
Such severe inactivity is associated with worsening of disability in PwMS [2]. Commonly 
used clinical measures of physical function in individuals with multiple sclerosis - such as 
a 6-Minute Walk test (6MWT) [3] and a Timed 25-Foot Walk Test (T25FW) [4] - do 
not reflect the patients' situation during daily life. Therefore, many researchers have 
increasingly directed their attention towards understanding activity behaviour in 
PwMS within their customary environment [5]. Different methods have been used for 
this purpose, including subjective approaches like self-report and activity diaries as 
well as more objective methods using devices such as pedometers, gyroscopes and 
accelerometers [6]. 

However, nearly half of all PwMS develop cognitive dysfunction, like deficits in recent 
memory, which might influence the accuracy of the physical activity recall [7,8]. 
Furthermore, different studies have shown that the self-reporting methods are prone 
to error due to memory failure and other kind of misreporting [9,10]. In contrast to 
these subjective methods, objective devices are unobtrusive and can provide precise 
insight into the physical activity behaviour in PwMS [11]. Recent advances in technology 
have promoted the development of objective methods to allow continuous monitoring of 
the daily physical activity of multiple populations, such as stroke survivors, Parkinsons 
disease (PD) patients and PwMS [8,12,13]. For example, White et al. examined the 
reliability of functional activity measured by an activity monitor in individuals with 
Parkinsons disease in their customary home and community [14]. Salarian et al. examined 
a method for ambulatory monitoring of physical activity of PD patients during their daily 
activity and analysed a pattern of sit-to-stand transitions by placing three inertial sensors, 
two gyroscopes and one accelerometer, on different parts of the body [15]. Busse et al. 
used a Step Watch to investigate the accuracy and reliability of ambulatory monitoring in 
PwMS [16]. The study of Motl et al. involved an evaluation of the accuracy of pedometers 
attached to the hip of PwMS under controlled laboratory conditions [17]. A home-based 
24-hour ambulatory monitoring system using a tri-axial accelerometer has been used in 
the study of Rietberg et al. to investigate the feasibility and reproducibility of the ambula- 
tory monitoring method to measure physical activity in PwMS [18]. Although pedometers 
are inexpensive and a commonly used tool to measure physical activity, they have a major 
drawback: they cannot reflect the intensity of the patients' movements, i.e. the change in 
physical activity level, like increases in moderate or vigorous physical activity or reduction 
in sedentary time [19]. Furthermore, they might suffer from inaccuracy during self- 
selected and slow walking speeds in comparison with accelerometer [20]. Using gyro- 
scopes will decrease the autonomy of the monitoring system due to their high power 
consumption [21,22], Therefore, accelerometers are the best choice for the purpose 
of this study, as they provide more precise information regarding physical activity 
[23] and their battery life is assured for several days. Moreover, they are relatively un- 
obtrusive so that patients are unrestricted. Different studies have investigated the 
reliability of acceleration sensors under free life controlled conditions [24]. Several 
research groups aimed independently to understand the free-living physical activity 
habitual of PwMS. For example, the study of Molt et al. [25] assessed the physical 
activity behaviour of patients with multiple sclerosis using accelerometer, pedometer 
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and questionnaire during a 7-day period. Klassen et al [26] explored the relationships 
between two measures of free-living physical activity (tri-axial accelerometer and 
activity diary). Molt et al. [27] examined the relation between disability progression in 
PwMS and their physical activity behaviour under free-living conditions. Molt et al. 
[28] investigated in their study the association between physical activity measured as 
activity counts and disability. There were a significant and medium size correlation 
between EDSS and daily activity counts. Difficulty in walking has been considered as 
the most visible sign of functional impairment in PwMS and it can decline in early 
stages of the disease [29]. Therefore, recent researches aimed to understand the correlation 
between disability and accelerometer output and walking impairment. The study of Sosnoff 
et al. [30] showed that walking speed has a strong correlation with disease severity in PwMS. 
Weikert et al. and Sosnoff et al. [31,32] measured the correlation between daily movement 
counts and real-life walking impairments in PwMS. A strong correlation between 
accelerometer metrics and walking impairment was reported in these studies. However, 
these previous researches measured walking impairments using either self-reported 
measures (e.g. MSWS-12) [33] or a brief assessment tool under non-familiar conditions 
(e.g. 6MWS), which provide limited information about walking in real-life environments. 
Another drawback is that the researchers used activity counts to measure the intensity of 
the physical activity. This method depends on one single regression model, which is not 
applicable on all types of activities. Moreover, it is in lack of information on duration of 
physical activity, which has an influence on the energy expenditure. Another drawback is 
that some of these previous studies used a uniaxial accelerometer to detect the movement 
in the vertical direction. These kinds of accelerometers are not able to detect the non- 
vertical body movements while walking [34]. 

The main purpose of our research is to capture the slight changes in the free-living 
activity behaviours in PwMS objectively to be able to understand the utility of these 
changes in the therapeutic practice. Moreover, we aimed to develop and provide a 
Home-based system to help doctors monitor the changes in the ambulatory physical 
activity of PwMS objectively. In contrast to other studies [35] we used an activity- 
dependent model to estimate the energy expenditure (EE) and to determine the intensity 
of the physical activity. This method uses more information from the acceleration signal 
and applies different estimation models of EE [36] . Moreover, we monitored the change in 
physical activity and walking impairment parameters over one year in 4 measurements 
phases with 3 months intervals. In contrast to the recent published study [37] which 
monitored the physical activity in PwMS over 2.5 years, in our study the measurements 
frequency was more often. This frequency is important to be able to capture the minimal 
changes in the physical activity behaviour even in absence of clinical signs. On the other 
hand, we used a tri-axial accelerometer in order to measure the changes in physical activity 
intensity, daily number of steps and walking speed objectively. Moreover, we analysed the 
correlation between these changes and disease progress in mild and moderate ambulatory 
limitation subgroups. Therefore, we conducted a pilot study in an ambulant setting in 
Germany. 

We hypothesised that: 1) PwMS will show significant reduction in ambulatory activity 
over the follow-up period (4 phases), 2) physical activity parameters derived from the 
acceleration signal will differ significantly between two patients' subgroups, 3) parameters 
of physical activity collected in the patients everyday environment associate significantly 
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with clinical measures of disease severity, 4) objective measures of ambulatory activity 
parameters will be more responsive to the progressive changes of the disability in 
PwMS than the clinical measures. 

Methods 

Measurements system 

We used the move II activity sensor (movisens GmbH, Karlsruhe, Germany) to collect the 
activity data (see Figure 1). Move II consist of a 3-axial acceleration sensor (adxl345, 
Analog Device) with a range of ±8 g, a sample rate of 128 Hz and a resolution of 12 
bit, and an air pressure sensor (BMP085, Bosch GmbH) with a sample rate of 8 Hz and a 
resolution of 0.03 hPa. The sensor weights 32 g, has the dimensions of 3 cm x 5 cm x 
2 cm, and can be carried at different body positions (hip, wrist or chest). The acceleration 
signal can be recorded up to 30 days and saved on a 2 GB micro SD card. The recorded 
raw data can be transferred to a computer by USB 2.0 interface. The validity of move II was 
investigated in different studies. One study validated the accuracy of this accelerometer 
system in capturing the steps during controlled walking against another accelerometer 
model [38]. Other studies investigated the accuracy and validity of the move II in classifying 
physical activity and estimating energy expenditure [39,40]. Move II sensors are adapted for 
long-term monitoring of every-day living physical activities - including standing, sitting, 
lying, walking or running - in the course of daily life [39]. 

Participants 

Over a period of one year, 11 PwMS (females = 7, males = 4; age: 41 ± 9.3 year; height: 
170 ± 8.12 cm; weight: 72 ± 16.77 kg; disease duration: 12.18 ± 10.67) were recruited in 
the Neurologische Klinik Bad Neustadt, a hospital for neurologic acute and rehabilitation 
medicine in a rural area in Northern Bavaria, Germany. Participants had to meet the 
following inclusion and exclusion criteria: a) definite diagnosis of MS [6]; b) EDSS 
score below 5 (3.6 ± 1.66), which indicates the ability to walk at least 200 m without 
assistive devices [41]; c) a completed and signed an informed consent. Eight patients 




Figure 1 Monitor device. Move II a tri-axial accelerometer. 
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had relapsing-remitting multiple sclerosis, one patient had primary progressive multiple 
sclerosis and two patients had secondary progressive multiple sclerosis. 

Study design 

The procedure of this study was approved by the ethics committee of the Bavarian 
Medical Association, Germany. 

The study lasted one year and consisted of clinical measures and ambulatory activity 
measures. These measures were collected four times (four phases), each lasting 10 days with 
an interval of three months between each phase. Person-specific data, such as age, height, 
weight, and shoe size were collected at the beginning of the study. Figure 2 illustrates the 
study design. 

Clinical measures and pre-test assessment 

The clinical measurements took place in the clinic at the beginning of each phase. These 
measures were: 

1. 10-meter walking test was used for initial calibration, in which patients were instruc- 
ted to wear the move II (one on the right side hip and two sensors on the right and 
left ankle) and to walk along a 10 meter flat walkway. Since gait pattern of PwMS 
differ in various walking speed patients were asked to walk back and forth once at 
their comfortable walking speed and once again at fastest walking speed. Informa- 
tion about stride length, time and number of steps were recorded by the physician 
and as raw acceleration data from the move II (see Figure 3). This information was 
used as training data for developing estimation models for both slow and fast walk- 
ing speed. 

2. Expanded Disability Status Scale EDSS is defined as a reliable indicator of disability in 
PwMS [42]. It is an eight functional system scale that includes: motor, sensory, visual, 
mental and other indicators. The EDSS scale ranges from 0 (no disability) to 10 (death 
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10-meter walkway 

Figure 3 10-meter walking test. This figure illustrates the sensors positions during the 10-meter walking 
test. Number of steps, steps length and the time needed to travel the distance were collected. 

V ) 



due to MS) in 0.5 unit increments. Patients who score at or less than 5.5 are considered 
to be able to walk at least 100 m without aid or rest. Patients with score between 6.0 
and 8.0 are considered to be ambulatory with limitations. Patients with EDSS score 
more than 8.0 considered to be totally dependent. Patients' disease severity and clinical 
symptoms were assessed using EDSS by an experienced neurologist. 



Ambulatory measures 

The activity monitoring system (move II activity sensor and pre-configured notebook) 
was given to the patient at the time of the clinical measurements. 

Participants were instructed to carry the move II sensor on the right side hip (see Figure 4) 
up to ten days while carrying out their usual daily activities. They were asked to start 
carrying the sensor early morning as soon as they get up until they go to bed again 
(except while swimming, showering and bathing). Furthermore, they were asked to 
attach it to the notebook via USB before going to sleep. The raw sensor data were 
transferred automatically and stored on the SD card and the patients got feedback 
about their daily activity. Therefore, special software for sensor management and 
physical activity report was developed and installed on the notebook. After ten days, 
the participants returned the system to the clinic, the data were downloaded to the 
computer and the participants received a report of their physical activity of the past 
ten days. Figure 5 illustrates the measurement s process. 




Figure 4 Sensor position. This figure illustrates the direction of the three axes and the sensor position 
during the ambulatory measurement. 
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Data analysis 



To understand the changes in physical activity characteristics in PwMS, we examined 
the: a) number of steps calculated for four seconds intervals and then accumulated over 
the day (number of awake hours) [39], b) mean and maximum walking speed [43], c) 
physical activity level in terms of MET level (light and moderate to vigorous ModToVig 
MET level) which is the ratio of the associated metabolic rate for the specific activity 
divided by the resting metabolic rate (RMR). These values can be obtained from published 
tables [44] . The specific activity parameters of interest and the operational definitions are 
shown in Table 1. To assess the impact of the disability on ambulatory activity behaviour, 
we separated the participants according to their disease severity into two subgroups; mild 
ambulatory limitation (EDSS = 1 - 2.5) and moderate ambulatory limitation (EDSS = 3-5) 
[45] (Table 2). 



Data reduction and statistical analysis 

The first day of the ambulatory measurement was not taken into account because the 
devices were handed out at different hours the first day at the hospital. We considered 
a valid day of measurement to have > 10 h of wear time. All participants did comply 
with wearing the sensor 9 days a 10 h in all follow-up measurements. The raw data 
from the accelerometer were imported into MATLAB (R2010a) for offline analysis. The 
number of steps per measurement as well as the mean walking speed was calculated as 
an overall average of all days in each measurement. For the activity depended MET 

Table 1 Operational definition of the activity parameters 



Parameter Operational definition 



Number of steps 


Average number of steps per time interval (day, week...) 


Maximum walking speed 


Maximum walking speed over a time interval (day, week...) 


Mean walking speed 


Average walking speed over a time interval (day, week...) 


Physical activity intensity (MET level) 


Percentage over a time interval 




(MET = EE / BMR) ; EE: energy expenditure 




BMR: Basal metabolic rate 
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Table 2 Subgroups' characteristics 






EDSS 1-2.5 


EDSS 3 - 5 






N = 6 


N = 5 


Age 


Min - Max 


25 - 53 


44-48 




Mean (± SD) 


36.14 (±10.53) 


46.64 (±1.68) 


Height 


Min - Max 


158- 174 


164- 181 




Mean (± SD) 


165.83 (±6.08) 


1 76 (±6.96) 


Weight 


Min - Max 


49-69 


56-97 




Mean (± SD) 


65.33 (±14.04) 


79.72 (±17.76) 


EDSS 


Min - Max 


1 -2,5 


3-5 




Mean (± SD) 


1,75 (±0,82) 


4,40 (±0,89) 



level estimation, the activity of the patients was classified and each activity was categorized 
as light or ModToVig according to [44], Based on the detected activity class, the energy 
expenditure was estimated and the MET level value was calculated with the following 
formula (MET = EE / BMR) [36]. Having both informations (activity class and its corre- 
sponding calculated MET value) we defined the MET categories of our patients' group. 

We calculated mean value and standard deviation for each activity parameter. Differences 
in all activity parameters between two consecutive phases were calculated for each patient. 
In addition, the differences between the first phase and the follow-up fourth phase for 
each parameter were assessed non-parametrically by using the Wilcoxon test. To analyse 
the differences between both subgroups we used the nonparametric Mann- Whitney U 
tests. Wilcoxon test and Mann- Witney U tests were used due to the small sample size. 

Differences with p < 0.05 were noted as significant. Moreover, we analysed the bivariate 
correlation between EDSS and the following parameters; number of steps, mean walking 
speed, max walking speed and MET level. Values between 0.00 and 0.25 was considered 
as no correlation, values between 0.70 and 0.89 as high correlation and values between 
0.90 and 1.00 as very high correlation [46]. Spearman Rho was used for this analysis. 

Results 

EDSS was evaluated quarterly and immediately at the beginning of each measurement. 
While EDSS score did not change throughout the study's phases in all patients, the 
physical activity parameters showed differences between each two consecutive phase 
in both subgroups. 

Patients of mild ambulatory limitation group (EDSS 1-2,5) 

Patients in this group showed increment in the number of steps (-1091 steps) between 
the first phase and the follow-up second phase. Only one patient showed decline between 
these two phases (-292). Remarkably, these changes in number of steps were combined 
with slightly increases in mean and max walking speed in 4 patients of this group (1.8%, 
1.13%), respectively. One patient did not show any change neither in mean nor in 
maximum walking speed. In average, participants in mild limitation group showed 
increases in number of steps, mean walking speed and maximum walking speed and 
in ModToVig MET level between first phase and the follow-up second phase. However, 
they all showed a decline in all parameters between the second and the third phase as well 
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as between the third and the fourth phase. In comparison to baseline, they showed decline 
in steps (~ 1683 steps), mean walking speed and max walking speed (-0.12 Km/h, -0.16 
Km/h), respectively. ModToVig MET level did not show significant change (-0.9%) between 
the first and the follow-up fourth measurement. Figure 6 illustrates an example of these 
changes in one patient of the mild ambulatory limitation group. 



Patients of moderate ambulatory limitation group (EDSS 3-5) 

Patients of this group showed a decline in all physical activity parameter between each 
two consecutive phases. Only one patient showed an increase in daily number of steps 
(-900) between the second and the follow-up third phase. Furthermore, a slightly increase 
in maximum walking speed between the first measurement and the follow-up second one 
was noticed in another patient. However, this patient did not show any increment in daily 
number of steps or ModToVig MET level. In comparison to the baseline, all patients 
showed decline in daily number of steps (-1673), a slight decline in mean and max 
walking speed (8.7%, 2.6%), respectively, and in ModToVig MET level (-1.4%) between 
first and follow-up fourth measurement. An example of the decline in different activity 
parameters is shown in Figure 7. 



All patients combined measurements 

In comparison to baseline, 81% of the participant showed a significant decline in the 
number of steps (-23.20%, p = 0.008) as well as in light and ModToVig MET level 
(-14.5%, p = 0.03), 63% showed reduction in maximum walking speed (-5.3%, p = 0.02) 
between first phase and follow-up fourth. Mean walking speed did not demonstrate a 
significant decline (1.7%, p = 0.75). The mean daily number of steps over all measurements 
was 7164.93 ± 2950.98. This value is consistent to the value reported in [47], and 
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Figure 6 Changes in physical activity parameters (mild ambulatory limitation). This figure illustrates an 
example of the changes in physical activity parameters over the study time in the patients of the mild ambulatory 
limitation subgroup. An increment was noticed in daily number of steps between the first and the second 
measurement. This increment was combined with slightly increase in walking speed. In comparison to baseline, 
patient showed decline in all activity parameters in the follow-up fourth measurement. 
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Number of steps 
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Figure 7 Changes in physical activity parameters (moderate ambulatory limitation). This figure 
illustrates an example of the changes in physical activity parameters over the study time in the patients of 
the moderate ambulatory limitation subgroup. In comparison to baseline, patient showed decline in all 
activity parameters in the follow-up fourth measurement. 



comparable to the average number of steps reported in [30]. Our value is more than 
the values reported in [48,49]. Mean walking speed ranged from 0.55 to 1.96 km/h 
(mean = 1.29 ± 0.37); maximum walking speed ranged from 2.31 to 5.87 km/h (mean = 
4.49 ± 0.98). Percentage of day spent in light activity level ranged from 86.21 to 99.22 
(mean = 90.23 ± 3.63). 

Between groups differences 

In average over all measurements the mild affected MS subgroup accumulated significantly 
more steps and had faster mean walking speed compared to moderate affected MS 
subgroup (9214.33 ± 2439.11 vs. 5018,13 ± 2416.96, p < 0.005; 1.48 ± 0.19 vs. 1.12 ± 0.44, 
p = 0.03), respectively. Furthermore, a marginal difference between the subgroups in 
maximum walking speed was noticed (5.02 ± 0.5 vs. 3.84 ± 0.97, p = 0.08). On the contrary, 
light MET level as well as ModToVig MET level demonstrated non-significant differences 
between both MS subgroups (88.41% ± 4.24% vs. 92.31% 4.47%, p = 0.1; 11.87% ± 2.8% vs. 
7.79% ± 4.46%; p = 0.1), respectively (see Figure 8 and Table 3). 

Relatively weak correlation was found between the total number of steps and the 
EDSS score (r = -0.54, p = 0.08). High inverse correlation was noticed between mean 
walking speed and EDSS score (r = -0.71, p = 0.01), whereas maximum walking speed did 
not show a significant correlation with EDSS (r = -0.37, p = 0.2). Both light and ModToVig 
MET levels were not significantly correlated with r = 0.36; p = 0.2 and r = -0.36; p = 0.2), 
respectively. The correlation coefficients for ambulatory activity parameters and neuro- 
logical parameters (EDSS) are shown in Table 4. 

Discussion 

The results of this pilot study showed that: 1) a simple tri-axial accelerometer sensor 
adapted for long-term monitoring can be used to capture the changes in ambulatory 
physical activity parameters of PwMS objectively; 2) these parameters are more responsive 
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Figure 8 Differences between both subgroups. This figure illustrates the differences between both 
subgroups. Subgroup (EDSS 1-2.5) accumulated significantly more number of steps (p < 0.005) than the 
subgroup (EDSS 3-5), and they had faster mean walking speed (p = 0.03). Differences in ModToVig MET 
level were not significant between both subgroups (p = 0.1). 

V j 



to slight disability changes than the clinical measures. As hypothesised, the PwMS demon- 
strated significant decline in ambulatory activity at follow-up, which was revealed by a 
lower number of steps, reduced ModToVig MET level and slower maximum walking 
speed. In addition, we found that patients with mild ambulatory limitation accumulate 
more daily steps than moderate ambulatory limitation patients. Indeed, there was a large 
different in daily number of steps accumulated with patients of mild ambulatory limitation 
and moderate ambulatory limitation (-4000 steps). This value is comparable with the 
difference in daily number of steps reported in [50]. We have also observed that patients 
in the mild ambulatory limitation subgroup could have some improvement in the physical 
activity behaviour. Moderate ambulatory limitation walked significantly slower than 
patients with light ambulatory limitation. As expected, walking speed and number of 
steps are negatively correlated to the EDSS score (r = -0.71, r = -0.54), respectively. 
The association was also reported in [51]. This observed correlation is important and 
provides evidence that physical activity parameters measured by the accelerometer can 
be used to monitor the patients clinical status. 

Our findings regarding the number of steps accumulated per day are comparable 
with other studies [52]. For example, average of daily number of steps reported in the 



Table 3 Differences between subgroups 





EDSS 1 


-2.5 


EDSS 3 


- 5 


p-value 




Mean ± SD 


Mean ± SD 




Step counts 


9214.33 


±2439.1 1 


5018.13 


±2416.96 


< 0.005 


Maximum walking speed 


5.02 


±0.5 


3.84 


±0.97 


0.08 


Mean walking speed 


1.48 


±0.19 


1.12 


±0.44 


< 0.05 


MET level (Light%) 


88.41 


±4.24 


92.31 


±4.47 


0.1 


MET level (ModToVig%) 


11.87 


±2.8 


7.79 


±4.46 


0.1 
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Table 4 Bivariate relationships between ambulatory activity parameters and EDSS 





Number 
of steps 


Maximum 
walking speed 


Mean 
walking speed 


(Light%) 


(ModToVig%) 


EDSS 


Number of steps 


1 


0.727* 


0.758* 


-0.636** 


0.636** 


-0.541** 


Maximum walking speed 




1 


0.782* 


-0.327 


0.327 


-0.376 


Mean walking speed 






1 


-0.155 


0.155 


-0.706* 


(Light%) 








1 


-1 


0.358 


(ModToVig%) 










1 


-0.358 



EDSS 1 



*(p<.01), **(p<-05). 

study of [31] was (steps/day = 7698), whereas the participants in our study accumulated 
an average of approx. 7000 steps per day. Patients of moderate disability tented to be 
less active as it is reported in [50,52,53], and this result is in line with our findings. 
Furthermore, consistent with previous reports [54,55], participants showed attenuated 
walking speed. Moreover, mean walking speed showed negative correlation with the 
neurological parameter (EDSS), which fits the findings in [54]. 

Contrary to our hypothesis, no significant differences between both subgroups were 
noticed in physical activity intensity (MET level). Moreover, the MET level showed 
non- significant correlation with EDSS which is not in line with previous research [35]. 

Our findings indicate that accelerometer can capture and reflect the changes in physical 
activity and walking ability among ambulatory PwMS in real-life environment. These 
results are in line with [34] and suggest that the accelerometers outcome can be used as 
early signs of changes in disability, which is not reflected by the EDSS score and could be 
considered as a clinical tool for evaluating interventions in multiple sclerosis. 

The idea of using accelerometers to capture physical activity behaviour in patients 
has been investigated in different studies and in the context of different diseases, not 
limited to MS. Some of these studies used pedometer-based systems that provide informa- 
tion about the number of steps accumulated by the patients. Nevertheless, such systems 
do neither provide information about walking quality or speed nor about activity intensity 
[56,57] . Other studies have investigated the use of 3D accelerometers but either in clinical 
environment with short discrete motor tasks or over short periods (e.g. 7-days) [35,58]. 
To our knowledge, this is the first study that used a tri-axial accelerometer home-based 
system to monitor the ambulatory physical activity and walking impairment parameter 
in PwMS objectively over a longer period of time with multiple phases. However, 
further investigations are needed to determine which factor can lead to meaningful 
clinical improvement. Such research might allow for better design of therapeutic and 
medical interventions based on accelerometry. Furthermore, our observation and findings 
shed a light on using accelerometer as a tool to determine the benefit of the therapy or 
medication not only in PwMS but in other chronic disease with physical activity limitation 
such as; Parkinsons disease, Amyotrophic lateral sclerosis (ALS) and stroke. 

A limitation of this pilot study is the small sample size. Furthermore, seasonality may 
have contributed to the reduction in physical activity parameter since our data were 
collected between May and February which means that data collection covered winter 
time when physical activity is at least lowest [59]. Nevertheless, PwMS may also exhibit 
temporary worse symptoms when the weather is warm [60]. However, this external factor 
was not considered in this study. Additionally, the effect of the disease s duration on the 
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individual physical activity behaviour should be analysed in future works. Furthermore, 
we cannot generalise our results to all the MS population because the analysis was limited 
to patients with ambulatory ability without assistance. Using the notebook for data 
collection and feedback system is considered as major limitation in large scale study 
and it imposes an obstacle to real-time data access and analysis. In order to overcome this 
limitation we aim to develop a cloud-dependent system for data management and analysis. 
The data will be available for both medical staff and patients throughout special mobile 
web-based applications. The doctor s software application enables clinical professionals to 
supervise patients in their real-world environment, so they can make wiser decisions. The 
patient s software allows patients to monitor their daily activity and get feedback from the 
physicians. 



Conclusions 

Changes in ambulatory physical parameters (number of steps, mean and maximum 
walking speed and physical activity intensity) of PwMS were recorded using an activity 
sensor over one year. Our results suggest that the parameters extracted from one tri-axial 
accelerometer can be used as an objective measurement system that provides insights into 
the physical activity behaviour of PwMS in their every- day living environment. Moreover, 
we suggest that this information about the changes in physical activity using home-based 
ambulatory monitoring system may help to develop appropriate treatment interventions 
for PwMS. 
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